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ABSTRACT 
An accelerated test for determining the wear resi-
stance of polymer-coated, anodized aluminum, lithographic 
plates has been developed. The test involves a cyclic 
back-and-forth motion of a weighted block against a litho-
graphic plate immersed in an aqueous solution typical of 
that used commercially and suspended 0.3 µ~ alumina parti-
cles. The number of cycles to reduce the image quality 
significantly, as determined by a manual printing test, 
determines the resistance to wear of the plate samples. 
A number of commercial and experimental lithographic 
plates were studied, and their comparative wear resistance 
was determined. 
Lithographic plates deteriorate by wear and/or corro-
sion by three main mechanisms: (1) loss of adhesion of 
the photopolymer to the substrate; (2) pitting of the 
anodized aluminum in non-image areas; and (3) abrasive 
loss of material from both the polymer and anodized alumi-
num. The microscopic appearance of the commercial plates 
worn in the accelerated wear test is similar to that 
observed on plates worn on a commercial press. 
Surface roughness changes during press exposure are 
comparable to surf ace roughness. changes observed in the 
acceierated wear test. These roughness changes were car-
' :] related with rate of wear data in the accelerated test. 
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INTRODUCTION 
One of the important criteria in appraising the 
quality of a lithographic plate is the duration of good 
image reproduction on the press. The loss of a high 
quality image by deterioration of the plate is character-
ized as wear. Wear appraisal consumes large quantities 
of press time, paper, and labor since the deterioration of 
high quality polymer-aluminum plates occurs at upwards of 
500,000 impressions. Lithography is a widely used print-
ing· technique and considerable technology is involved in 
the development of new plates. A rapid laboratory test 
would be of great value in the preliminary appraisal of 
new and existing plates. Such an accelerated test has 
been developed and is discussed in the following report. 
A brief background on lithographic printing, the 
materials used in this process, and present techniques for 
appraisal of wear will be presented. Experimental proce-
dures for characterization of wear will be followed by a 
description of the different wear tests considered and the 
test finally chosen. Procedures for comparing press and 
laboratory performance of different commercial and experi-
mental lithographic plates are given. 
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BACKGROUND 
The Lithographic Process 
Lithography, or stone writing, was invented around 
1800 by a Bavarian, Alois Senefelder. He found that when 
drawn on flat stone with a greasy crayon, L~ages could be 
reproduced by dampening the stone with gum water and 
applying an oleophilic ink. 1 The ink adheres only to the 
oleophilic regions. The same principle of wetted and non-
wetted regions applies to modern lithography. 
The hydrophilic non-image areas are first wetted with 
an aqueous solution, known in the trade as fountain solu-
tion, which may vary in composition. Often, these foun-
tain solutions are acidic. The greasy ink is then applied 
and is repelled by the wet non-image areas but adheres to 
the oleophilic image areas. This ink image is transferred 
from the plate to the paper directly or by an offset 
blanket cylinder or roller. The later process is called 
the offset process. During the offset process, ink comes 
in contact with the wetted plate cylinder and a wacer in 
ink emulsion is unavoidable. The emulsification generally 
causes no difficulty in printing. 
Today with the use of the rotary p~ess, thin metal 
plates or sheets are needed. Aluminum is generally used 
since it is nearly ideal for the manufacture of litho-
graphic plates, owing to its light weight, ease of roughen-
3 
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. 2 ing .' and ability to form a hard surface film of aluminum 
oxide by anodization. Shortcomings of aluminum are its 
lack of strength and non-magnetic character. The anodic 
film protects against mechanical and corrosive damage to 
the plate surface, and extends the useful press life of 
the plate. Generally, anodization is employed in the 
production of higher quality plates, while short-run 
plates are left unanodized. 
This hard but porous aluminum oxide film is formed in 
an acid bath by making aluminum the anode in an electro-
chemical process. 3 Films for lithographic purposes are 
relatively thin (~5 µm), and cause little change in sur-
face topography. The films have a cellular structure. 
Each cell contains a pore which extends from the surface 
toward the base metal. A barrier layer of oxide is pre-
sent at the bottom of the pore and isolates the metal (see 
Fig. 1). Cell sizes increase with increasing voltage used 
in the anodizing process, and larger cell sizes produce 
b 
. 3 
etter wear resistance. The voltage applied to the 
anodizing cell is a function of temperature and acid 
concentration. The thickness of the porous oxide is 
dependent on time, current density, and temperature. 
Two general anodizing processes produced two basic 
types of films, the barrier type film and the porous film} 
The later is usually found on lithographic plates. 
Barrier-type films are produced when the.oxide film is 
4 
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Figure 1. Proposed structure of 
porous film anodized in 4% phosphoric 
acid at 120 volts. 
Figure taken from F. Keller, M. S. Hunter, 
and D. L. Robinson, ibid., 100, 411 (1953). 
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;: canpletely insoluble in the electrolyte. Neutral or 
:; 
·1 
slightly acidic (pH 5-7) aqueous solutions of boric acid, 
ammonium borate or tartrate, ammonium tetraborate in 
ethylene glycol, and several organic electrolytes such as 
citric, malic and glycollic acids are used to produce 
barrier-type films. Porous films, as mentioned earlier, 
are cellular and contain the base barrier layer on top of 
which cells grow. These films are produced in electro-
lytes where the oxide is slightly soluble. Numerous elec-
trolytes are used to produce porous films, the commercial-
ly important ones being sulfuric, phosphoric, chromic, and 
oxalic acids over wide concentration ranges. 
The porous oxide is formed by a competitive forma-
tion-dissolution process during anodization. 4 Oxygen 
ions, o2- and OH-, are furnished by the aqueous phase and 
aluminum ions are furnished to the film from the aluminum 
substrate. 4 As the porous film forms, a complex dissolu-
tion process causes the formation of pores in the oxide 
and a cellular structure results. 
Before the application of the photosensitive coating, 
a post-anodizing treatment called sealing is used which 
improves adhesion of the photosensitive coating that 
serves as the image carrier. Also, sealing improves the 
hydrophilicity of the oxide film. 3 Immersion in boiling 
,\ 
1 water, sometimes with additives, is a common sealing 
:j ] treatment. Sealing increases crystallinity and partially 
6 
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: closes the pores and further- isolates the substrate fran 
·.J its environment. Additional hydration of the oxide occurs 
during sealing with the formation of AlOOH and Al2o3·JH2o. 
Most commercial lithographic plates are microscopically 
grained or roughened to improve wettability and adhesion 
of the photosensitive coating. Roughening occurs prior to 
anodizing, but short run unanodized plates are also 
roughened. 
The image carrier or image area of lithographic 
plates varies in composition. 1 Bichromated colloids and 
diazo resins are sometimes used but some higher quality 
plates are coated with a photopolymer such as polymethyl-
methacrylate. The entire substrate is coated with the 
photosensitive material. In the case of negative working 
plates, exposures are made through negatives by a high 
energy light source. The exposed areas are crosslinked or 
polymerized, and thus become insoluble in an organic 
solvent. The unexposed areas are dissolved with suitable 
solvents leaving the solid and intermediate tone image 
areas free of polymer. Deep etch plates utilize metallic 
image areas such as copper for very long press runs. 
Positive-working plates use the photosolubilization 
phenomenon. 6 Exposure to high intensity light causes a 
chemical change in the photosensitive coating allowing the 
exposed area to be rinsed off with suitable solvents, 
generally basic solutions. Positives are used to make the 
7 
exposure. 
Since the lithographic process is capable of printing 
only a solid of a color in the image areas and no color in 
the non-image areas, intermediate tones are reproduced by 
halftone image dots. 1 The intensity of the color is creat-
ej by the fraction of the area which consists of polymer. 
The fractional coverage is created by a regular series of 
dots of equal spacing but different size. 
Halftone images of the work to be printed are pro-
duced in a photographic process by a special camera and 
halftone screens. Glass and contact screens are used. 
These screens allow production of a variety of dot densi-
ties proportional to the amount of light transmitted. 
Negatives or positives with solid and halftone images are 
produced in this process, and are then used to expose the 
printing plates. 
Wear Tests for Lithographic Plates 
Published information on the mechanism of wear of 
lithographic plates and accelerated wear tests for study-
ing lithographic is scant. Previous studies of plate wear 
were performed largely on press-run plates. Often plates 
were "overpacked" on the press by adding additional back-
ing to the plate during in-press operation. This modifi-
i 1
'.i cation decreases the time of the press run to deteriorate 
,) 
.) 
'~: 
the plate, but still involves considerable expense. 
1 
\\ 
.i ) 8 
Previous examinations of press-worn plates were 
accomplished primarily. by optical and electron microscopy. 
Conventional metallographic techniques such as imbedding 
in plastic and replication supplemented these studies. 2' 3 
A laboratory wear test in which a rotating disc cut 
from a plate is pressed against a pad containing ink has 
been used. Weight loss data are obtained and correlated 
with wear by specific ink formulations. The test also 
includes exposure of the sample to solvents or fluid 
·, 
carriers used in the formulation. Actually this unpu-
blished test is used by the ink industry in the appraisal 
of lithographic inks and their effect on the wear of 
plates. 
9 
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EXPERIMENTAL PROCEDURES 
Characterization of wear 
Characterizing the deterioration of lithographic 
plates requires careful study of the worn surfaces. A 
close look at the plate surface shows the areas that are 
most susceptible to wear and improvements can be made on 
the basis of this evaluation. In order to develop an 
accelerated laboratory test,characterization of wear is 
absolutely essential. The value of such a test is depen-
dent on its ability not only to reproduce the wear 
obtained in practice but also its ability to give quanti-
tative and reproducible results. The quantitative evalu-
ation of lithographic plates is subjective in nature since 
the viewer determines the quality of image reproduction on 
the press. This section of the report deals with the 
characterization of wear and the development of a subjec-
tive wear test. 
Early experiments involved examination of new and 
pressworn commercial plates. The characterization of 
press wear not only aids in understanding, but serves as a 
reference against which laboratory test data can be com-
pared. Topographical features of the plates were empha-
sized and detected by optical microscopy, scanning elec-
tron microscopy, transmission electron microscopy, X-ray 
fluorescence analysis, and surface roughness as detected 
10 
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Plate 
Designation 
,Commercial Diazo Plate 
Commercial Plate A 
Commercial Plate B 
Commercial Plate C 
Commercial Plate D 
Experimental Plate #1 
Experimental Plate #2 
Experimental Plate #3 
Positive Plate E 
Positive Plate F 
Positive Plate G 
Positive Plate H 
T:ABLE I 
Anodic Surface 
Roughness (µ-in.) 
24 (mech grain) 
40 (etch) 
17 ( etch) 
20 ( etch) 
35 (etch) 
22 (mech grain) 
22 (mech grain) 
22 (rnech grain) 
22 (mech grain) 
39 (etch) 
15 (etch) 
17 (etch) 
Type 
Anodization 
H2so4 
H2so 4 
H PO 
3 4 
H so 2 4 
H2so 4 
H2so 4 
H2so 4 
H2so4 
H3Po 4 
Post 
Treatment 
Silicate 
Hot H20 
Silicate 
Silicate 
Silicate 
Silicate 
Silicate 
Silicate 
Silicate 
Silicate 
• •: _ ··~,-, ...... _ .. , ;:··1 - ~ f 
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.J by a traveling stylus. Table 18 lists the different 
materials included in the study. Both normal and over-
packed pressworn plates were studied. 
Microstructure. A reflectance optical microscope was 
used for low magnification {up to SOOX) examination. 
Samples were as large as 6" x 6 11 , and no special sample 
preparations were required. Both the anodic oxide and 
polymer areas were observed and photographs were taken to 
illustrate typical observations. 
Scanning electron microscopy provides images with 
detail, magnification, and depth of field unavailable from 
optical microscopy. Samples need to be less than 2 cm 
square and are mounted on studs with a conductive carbon 
paste. Twenty kilovolts and large tilt angles (40°) gave 
better results. Conductivity is poor in the presence of 
oxide or polymer films and graphite films deposited by 
evaporation were occasionally used to enhance conductivi-
ty. A magnification of 3000Xwas found useful for compari-
sons, although a variety of magnifications was used. 
Photomicrographs were recorded in the secondary electron 
mode of the SEM. X-ray fluorescence data were obtained 
and composition of the sample was accomplished during 
scanning {SEM). Semiquantitative data on chemical compo-
sition were thus obtained. 
Transmission electron microscopy enabled isolated 
oxide films to be studied at very high magnifications of 
12 
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\ the order of 100,000X. Maximum potential of 100 K volts 
,, 
, was needed to penetrate the relatively thick oxide films. 
,! 
Many unworn specimens were too thick and needed to be 
lightly abraded with diamond paste before transmission was 
accomplished primarily on the edge of holes worn in the 
films. 
Films were isolated by use of a saturated mercuric 
chloride solution (ASTM method Bl37) . 9 Scribing a plate 
sample with a sharp instrument to produce 2 - 3 mm squares 
and subsequent immersion of the scribed sample in the 
above solution allowed the small squares of undamaged 
anodic film to be released from the aluminum substrate. 
The floating samples were picked up on stainless steel 
transmission microscope grids. Sandwiching of the film 
with a second grid was necessary due to lack of adhesion 
of the sample to the grid. 
Surface roughness as determined by a traveling stylus 
(Brush Surfindicator) aided in the quantification of wear. 
Data were generated from both the polymer and anodic oxide 
areas of the plates. In sane cases, averaged data fran 
areas of low halftone dot density were used. Changes in 
11 
,, surface roughness during press and laboratory test expo-
sure were recorded. 
, Changes in surface gloss during wear were noted by a 
Gardner multiangle glossmeter, Model GS-9095, at incident 
(or reflected) angles of 20, 45, 60, 75 and 85 degrees 
13 
··f 
.ti. J from the vertical. Correlations of gloss with surface 
-1,l 
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1' ~. 
., roughness data were obtained as outlined later. The 
instrument was zeroed with a black felt pad at 45° and 
perce.ntage reflectance was recorded as a function of wear 
time. 
Weight losses during laboratory tests were recorded 
in early experiments by use of an analytical balance with 
accuracy to 0.0001 gram. Insufficient data on new press-
worn plates limited the use of weight loss to laboratory 
tests. 
The Wear Test 
Selection of a wear test method was based on the 
following requirements: 
1. Data from the laboratory test should correlate 
with press performance. 
2. The test should allow determination of effects 
of pressure, ink properties, solvent and foun-
tain solution on plate wear. 
3. The test results should be able to be compared 
against a standard. 
·i 4. The test should generate data in 60 minutes or 
J less. 
•, ,. 
•f. :i The following tests were considered in the prelimi-
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nary stages of this work: 
A. Ball-mill method--a plate sample is attached 
inside a rotating cylinder containing an 
abrasive material and pressure-producing 
material such as steel balls. 
B. An abrasive material is dropped on a lithographic 
.~ 14 
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plate inclined fran the vertical. 
C. Rotation of a disc cut from a lithographic plate 
while pressing against an abrasive medium. 
D. Rotation of a disc cut from a lithographic plate 
in an abrasive medium with vibration. The test 
is a modification of a metallographic polishing 
device. 
E. Back and forth motion of a weighted block over a 
lithographic plate while in an abrasive medium. 
This test is a modification of the Gardner Washa-
bility Apparatus. 
Reasons for choosing Method E and discarding A 
through D will be given later (see results). 
Preliminary Wear Test. A preliminary wear test in-
volving Method E was developed. This test evolved to the 
present apparatus which is discussed later. The prelimi-
nary test utilized the back and forth motion but did not 
allow the adjustment of parameters such as pressure, speed 
and length of motion and width of the wear tract. These 
parameters could be varied on the final test. Construc-
tion materials were varied and evaluated during this 
preliminary test. 
Method Eis shown schematically in Figures 2 and 3. 
The lithographic plate sample is clamped between the base 
) plate and reservoir. Back and forth motion of a metal 
~ 
) 
block, 7.5 cm. long, 3.8 cm. wide and 3.8 cm. high applies 
., 
1': an abrasive force. The bottom of the pad is covered with 
!"' 
,, 
-'.\ a metallographic felt pad (Buehler Microcloth No. 40-7222), 
~t 
':r 
.r which makes contact with the plate. The block weighs 335 
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Figure 2. Top view of accelerated wear apparatus. 
Dimensions given are in cm. 
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Figure 3. Side view of accelerated wear apparatus. See Figure 2 
for dimensions. 
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:grams. and applies a pressure of 13 g/cm. 2 including a 
I 
· small vertical component resulting from the tension .of the 
wire connection. The block travels at a rate of 37 
cycles/min. and covers an area of sample 20 cm. long and 
3.8 era. wide. Only the central section of the sample is 
.worn and thus comparisons with the unworn section can be 
made even after the test. 
Commercial printing inks diluted with Magee oil were 
used in early experiments as the abrasive medium, but the 
rate of abrasion was low. Addition of metallographic 
abrasives to this solution gave good abrasion but present-
ed problems in evaluation of the test results. Wetting 
of the plate with fountain solution preceded addition of 
the above medium to the apparatus. After much trial and 
error, an abrasive slurry of 1.0 g of 0.3 µm metallogra-
phic polishing grade alumina plus 50 ml. of Rosos fountain 
solution at pH 4.0 was adopted. During the test approxi-
mately 0.4 cm. of fluid covered the plate sample. 
Tests were conducted on sections of exposed and devel-
oped lithographic plates (see Table I for materials used), 
with a variety of dot sizes and image densities from Oto 
100 percent. These images were prepared using a standard 
test target known as a Dot Size Comparator-Series II.
10 
The solid dots all have equal spacing and sizes vary by 
changing the area of dots. Dots occur in a close packed 
array and vary from 65 dots/inch to 150 dots/inch. 
18 
-1 
,i,j 
,, 
Wear Test Adopted. The above method E was modified 
so that such parameters as pressure, speed of motion and 
area of testing could be varied. This apparatus is shown 
schematically in figures 4 and 5, and photographs are 
given in figures 6 and 7. 
A crankshaft, A, is connected to a steel bar, B, 
which slides in a dovetail, C. Attached to this bar is a 
vertical, freemoving shaft, D, to which weights of various 
size can be added. To the bottom of this shaft a weighted 
block, E, is attached. Two such blocks were used. An 
aluminum block, 7.5 cm. long, 7.5 cm. wide, and 0.6 cm. 
high is used for light weight tests. Another block made 
of brass is used for heavier weight testing. This block 
is 7.5 cm. long, 7.5 cm. wide and 2.5 cm. high. Table II 
gives the combinations of weights and blocks used. The 
bottom of each block is covered with the same metallogra-
phic felt padding as the previous apparatus. The abrasive 
is also the same as before. The reservoir, F, is similar 
and 30 ml. of Rosas fountain solution at pH 4.0 is used 
with 1.0 grams of 0.3 µm alumina polishing abrasive. This 
apparatus covers a minimum area 16.5 cm. by 7.5 cm. of 
plate sample at 34.5 cycles/min. The apparatus can be 
adjusted to cover up to 23 cm. of sample length, and 
speeds can be adjusted by changes in drive pulley ratios. 
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Figure 4. Top view of modified 
accelerated wear apparatus. 
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Figure 5. Side view of modified 
accelerated wear apparatus. 
Figure 6. Photograph showing top view of modified accelerated 
wear apparatus. 
Figure 7. Photograph showing side view of modified accelerated 
wear apparatus. 
.. 
Block (weight) 
Aluminum (96.5g) 
Aluminum (96.5g) 
Brass (1164g) 
Brass (1164g) 
Table II 
Weight Canbinations 
Added 
Weight 
(grams) 
425 
900 
425 
900 
Total 
Weight 
(grams) 
521 
997 
1589 
2064 
Pressure 
Appli'd (g/cm ) 
8.96 
17. 2 
27.4 
35.2 
Comparisons 
The character of wear of pressworn plates was used as 
a standard against which the character of wear in the 
accelerated test could be compared. A manual printing 
proof test was developed in order that canparisons could 
be more complete. Relative performances of press and 
laboratory worn samples were ccmpared and rankings of 
performance resulted. 
A manual printing press was modified in order that 
printing frcm laboratory samples could be accomplished. 
This press takes the image from the inked plate sample 
and transfers it to the paper using one rubber roll. The 
plate is flat during printing and pressure between the 
plate and the impression roller is adjusted. Ink is 
applied by a hand-held quick peek roller and kit supplied 
by Twing and Albert Company. Ink follows application of 
the fountain solution. Considerable trial and error is 
involved in order to achieve the proper water-ink balance 
and film thickness. Exact specification of the ink and 
fountain solution is not practical and a subjective feel 
for the proper balance gives best results. When a suita-
ble ink impression was made on the roller, it was trans-
ferred to the paper. 
The proof test was performed on laboratory test 
samples periodically (usually every 200 cycles) during the 
wear test until loss of image quality was observed. Low 
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magnification, examination by a magnifying glass or opti-
cal microscope, supplemented this evaluation. The number 
of cycles required for inferior image quality was record-
ed. Measurements of surface roughness were also made 
simultaneously wit~ the proof tests. 
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RESULTS AND DISCUSSION 
Examination of pressworn plates by optical and scan-
ning electron microscopy revealed three major types of 
deterioration by wear and/or corrosion: 
l. Loss of adhesion of the photopolymer to the 
substrate 
2. Pitting of the anodized aluminum in the non-
image areas 
3. Abrasive loss of material from both the poly-
mer and the anodized aluminum. 
Several examples of these types of deterioration are given 
in Figures 8 - 13. 
Loss of adhesion was found primarily in the deterio-
ration of the commercial diazo plates. Figure 8 is an SEM 
picture of the loss of fragments of polymer from a solid 
image area of the plate. The "pick out" of fragments of 
polymer of the order of l - 10 µm 2 in area was not 
observed on any of the other types of plates examined; it 
was only observed on the diazo plates. The optical micro-
graph in Figure 9 demonstrates a more typical type of loss 
of adhesion shown on the commercial photopolymer plate A 
and experimental plates in which fragments at the edge of 
halftone dots are broken away. In some cases the fragments 
can be associated with a score mark within the polymer dot, 
but in other cases no such association could be made. 
Pitting of the anodized aluminum surface was observed 
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Figure 8. An example of loss of adhesion 
of fragments of polymer in a press-worn 
diazo plate. SEM photograph at 3000X. 
Figure 9. An example of loss of adhesion 
at edges of halftone dots on Commercial 
Plate A after wear on a press. Fragments 
of polymer have been broken away. Optical 
microscope photograph at 200X. 
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Figure 8. An example of loss of adhesion 
of fragments of polymer in a press-worn 
diazo plate. SEM photograph at 3000X. 
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Figure 9. An example of loss of adhesion 
at edges of halftone dots on Canmercial 
Plate A after wear on a press. Fragments 
of polymer have been broken away. Optical 
microscope photograph at 200X. 
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particularly in the commercial plates A and D. Figures 10 
and 11 show an example of pits formed in the anodic oxide 
on commercial plates A and D respectively. It is hypothe-
sized that the loss of aluminum oxide on this plate is a 
consequence of a canbination of corrosion and fracture of 
:; the oxide during the wear process. Cracks are known to 
' 
;~ 
,:;j 
~ 
. · .. 1 
·'~ 
exist in the surface of an unused plate of this type 
(Figure 12) and the shapes of some of these cracks appear 
to outline what is observed as a pit where wear has 
occurred. ·I. }J 
',} J The topography of the roughened surface may be signi-
.\~{ j ficant to the cracking problem. It has been reported10 
:;~; 
·¥ that growth of anodic films on angular surfaces is irregu-
,\ 
" 
.1 lar due to limited film growth on angled or pointed sur-
,
1 
·;, 
faces. These locations would be susceptible to possible 
cracking or fracture during wear. 
Evidence supports the view that the structural 
features identified as pits, were depressions below the 
~ outer surface of anodic oxide. That is, thinning of the 
oxide is present at these points. X-ray fluorescence data 
·: are swmnarized below and the relative intensity of the 
signal for several elements in an unpitted region as 
.i compared to the bottom of a pit is presented. 
I I I 
Figure 10. Pitting of the anodized aluminum 
surface of a press-worn Camnercial Plate A. 
Fragments of oxide have been removed leaving 
crater-like holes in the surface. Canpare 
with Figure 12. SEM photograph at 3000X. 
31 
• 
Figure 11. Pitting of the anodized aluminum 
surface .of a press-worn Commercial Plate D. 
SEM photograph at JOOOX . 
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Figure 12. Cracks in the surface of the anodized 
aluminum surface on Canmercial Plate A prior to 
use. Cracks appear to be the weak points which 
lead to pitting of the anodized surface. Canpare 
with Figure 10. SEM photograph at 3000X. 
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Element 
Aluminum 
Sulfur 
Silicon 
Iron 
Manganese 
Nickel 
Copper 
Relative X-Ray Fluorescence Intensity 
Unpitted Anodized Surface Bottom of Pit 
82 88 
8 
4 
2.5 
2.5 
0.5 
trace 
5 
l. 5 
l. 5 
l 
0. 6 
The important point is that the aluminum signal is greater 
at the bottom of the pit and that the sulfur signal is 
less at the bottom of the pit. The sulfur signal origi-
nates from sulfate that is occluded in the oxide during 
anodization. Thus, the higher aluminum signal and the 
lower sulfur signal at the bottom of the pit suggest that 
the bottom of the pit has only a thin coating of oxide. 
It should also be noted that the electron beam which gives 
rise to the X-ray fluorescence cannot be focused sharply 
enough that it is confined exclusively to the very center 
of the bottom of the pit, so that some of the fluorescence 
, probably originates from oxide on the side of the pit and 
from the envelope volume fran which the radiation origi-
., nates . 
. & 
:i With the possible exception of the diazo plate where 
I' 
1j 
J adhesion loss is significant, abrasion was the primary 
mode of deterioration by presswear. Abrasion of both the 
34 
polymer and anodic oxide films were found. In non-ima
ge 
'' areas where no polymer dots occur, abrasion is so se
vere 
that regions of anodic oxide are completely abraded aw
ay 
as depicted in Figure 13. In areas where polymer dot 
density was low, severe abrasion also occurred (Figure 
14), with smoothing of the roughened surface peaks. Com-
parison of Figure 10, the anodic oxide from an area of
 
high dot density, with Figure 14, shows a lesser abras
ive 
loss of anodic oxide than areas of lower dot density. 
Smoothing of the oxide topography is not pronounced in
 
this case. Changes in surface roughness corresponding
 to 
the above SEM results are sununarized in Table VI found
 in 
a later section of this report. 
Abrasive wear of the polymer surfaces has been found 
occasionally. Rupture of the polymer film results, bu
t 
this type of deterioration of the polymer is believed 
to 
be less critical to image reproduction than adhesion-r
ela-
ted problems. In most cases observations by SEM and s
ur-
face roughness show little change in polymer films dur
ing 
normal press exposure. Resistance to wear of the poly
mer 
films during normal press operation might result frcm: 
(1) A lubricating effect of the greasy inks used in 
lithography or; (2) The polymer films are likely more 
elastic than the brittle aluminum oxide surfaces, and 
pressure fatigue has less deteriorating effects on the
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Figure 13. An example of abrasive wear of the 
anodic oxide on a Camnercial Plate A after 
service on a press. SEM photograph at 3000X. 
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Figure 14. An example of abrasive smoothening 
on a press-worn Camnercial Plate A of the 
anodized aluminum surface between halftone dots 
in a low-dot density region. Canpare with 
Figure 10. SEM photograph at JOOOX. 
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·~ Overpacked, Press-Worn Plates 
Many of the plates studied were ·worn by overpacking 
of the plate backing, thus yielding higher pressure be-
tween the plate and the mating roller. Accelerated wear 
of the plates was thus purposely caused by the increased 
pressure and the use of an abrasive ink. OVerpacking 
resulted in two types of wear not found to any major 
extent on normal press-worn plates, namely cracking of the 
anodized aluminum oxide film and rupture of the polymer 
film at the peaks of the underlying grained aluminum 
substrate. As mentioned earlier, rupture of the polymer 
has been found occasionally on normal press-run samples. 
Figure 15 shows these phenomena which were found on Com-
mercial Plate A and Experimental Plates 1 and 2. It has 
been observed by SEM and optical microscopy that the 
cracks extend beneath the polymer. Commercial Plates B 
and C show little or no cracking of the anodized aluminum 
polymer film. Modes of deterioration of these plates were 
by abrasive rupture of the polymer and smoothing of the 
anodic aluminum surface, as shown in Figures 22 and 24. 
'\l Characterization of wear of Commercial Plates B and C and 
:.;i j all experimental plates was based on overpacked wear 
\ :c: samples since normal press-worn samples were not avail-
~, 
1c able. 
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Figure 15. Edge of polymer dot on Commercial 
Plate A that had been subjected to accelerated 
wear by overpacking. Note cracking of the 
anodized layer and that cracks extend beneath 
polymer. Note also rupture of polymer at high 
spots. SEM photograph at 2800X • 
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I~ X-ray fluorescence analysis, which is discussed in 
.. ~ 
> more detail later, provided further information about the 
, cracking. Relative intensities of the X-ray fluorescence 
radiation developed by a highly focused electron beam is 
tabulated below. Evaluation of these data shows that the 
aluminum signal is very much higher at the center (bottom) 
of the crack than it was on the adjacent anodized aluminum 
surface. These observations suggest that the cracks 
extend through to the aluminum substrate. 
Element Relative X-Ray Fluorescence Intensity 
On Anodized Surface At Bottom of Crack 
Aluminum 82 98.6 
Phosphorus 0.6 
Sulfur 7 a.a 
Silicon 4 
Iron 2.5 
Manganese 2.5 
" 
;1''. ) Nickel 0.5 
~-
-1 
Copper Trace 
·1 ., 
Qualitative Analysis of the Anodized Aluminum Surfac
e 
The plate types characterized earlier have
 been 
studied in the scanning electron microscope
 and were 
subjected to qualitative chemical analysis using the no
n-
dispersive energy analyzer for X-rays gene
rated by the 
focused electron beam. Table III sununarize
d some of these 
results. The major conclusions of the analysis are: 
1. Commercial Plate A and all experimenta
l plates are 
probably anodized in a sulfuric acid elect
rolyte. 
2. Commercial Plate Bis probably anodized
 in phos-
phoric acid since the phosphorus signal is
 rather 
high. 
3. Commercial Plate C showed the presence
 of both 
sulfur and phosphorus, suggesting that a m
ixed 
sulfate-phosphate electrolyte is used for 
anodizing. 
4. The iron, manganese, and silicon proba
bly repre-
sent alloying elements in the aluminum sub
strate 
although si~icate is introduced in mechani
cal 
graining and post-anodizing sealing treatm
ents 
of the experimental plates. 
5. The presence of nickel in the anodic co
ating on 
the Commercial Plate A suggests that the a
nodic 
coating was sealed in a solution containing
 
nickel salts. 
Transmission Microscopy 
Isolated anodic aluminum oxide films were 
subjected to 
transmission electron microscopy. Worn sa
mples generally 
contained regions which were sufficiently t
hinned by abra-
sion to allow transmission of the electron
 beam. Unused 
;4 plates were abraded using the procedure d
escribed in the 
.·~1 
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TABLE III 
Qualitative Chemical Analysis of Anodic oxide on 
the surface of Aluminum Lithographic Plates as 
Determined by X-Ray Fluorescence Analysis in Scanning 
Electron Microscope 
Relative Intensity of Emitted X-Rays 
Commercial Exptl. Commercial 
Commercial 
1 Element Plate A Form. 
Plate B Plate c 
.-: 
1 Aluminum 82 91.4 
95 90.5 
,l ' 
Sulfur 7 4.7 ----
6.2 
4 1. 4 1. 4 -----
---
---
1.6 1. 4 
2.5 1. 7 0.9 
o. 7 5 
2.s ---- 1.3 
1.1 
0.5 ---- ---- -----
trace ---- ---
,', 
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experimental section. 
Figure 16 shows a transmission micro
graph of an unused 
Commercial Plate A at 65000X magnifi
cation. Note the pores 
in the cellular oxide. The cellular
 structure of all 
plates with the exception of Commer
cial Plate C have simi-
lar appearance and pore sizes. Comm
ercial Plate C is 
shown in Figure 17 (also at 65000X magnifi
cation). The 
pore sizes are quite large. The fol
lowing conclusions 
were made based upon these data: 
1. Those samples apparently anodize
d in sulfate or 
sulfate-phosphate electrolyte contai
ned pores on 
the order of 200 A diameter. 
2. The phosphate electr~lyte produc
ed pore diameters 
in the order of 500 A, Commercial P
late Bis the 
only plate of this type studied. 
3. Transmission of unabraded or unw
orn samples was 
possible in the case of the experime
ntal formula-
tions indicating that the oxide film
s were thin 
relative to the oxides on Commercial
 Plates A and 
c. 
4. Transmission through the oxide o
n unused Commer-
cial Plate B samples was possible in
dicating the 
presence of a thin film or the prese
nce of large 
pores to enable transmission. 
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Figure 16. Isolated anodic oxide film of 
Canmercial Plate A at 65,000X. Sample was 
subject to abrasive thinning to allow trans-
mission. White spots represent pores in the 
oxide. 
44 
Figure 17. Isolated anodic oxide film of 
Conunercial Plate B showing porous nature of 
the film. TEM photograph at 65,000X. 
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Wear Test 
After obtaining a few results in preliminary stages 
.of developing a test method, tests A through D were aban-
doned. These tests appeared to bJ either too remote from 
the real-life situation, or it was difficult to evaluate 
the data. Methods involving the ball mill (A) and falling 
abrasive (B) were totally unlike the press and abrasion 
was severe. The rotation methods (C and D) presented 
problems in proof testing since dilution of the ink and 
abrasive medium with Magee oil introduced hydrophobic 
materials on the plate surface making proof printing dif-
ficult. Also, accurate weight loss data were difficult to 
obtain because of adhering materials. 
Method E, the back and forth motion of a weighted 
block, satisfies the requirements of the wear test desired. 
Correlations with press performance were found under a 
variety of conditions. 
Deterioration is primarily by abrasion as was found 
to be the case with press exposure. Figure 18 is an SEM 
picture of the anodic aluminum oxide (non-image area) of a 
Commercial Plate A sample after 1800 cycles in the acce-
lerated wear apparatus at a pressure of 13 g/cm
2
. Compar-
ison. with Figure 10, a similar area on a press-worn 
plate, shows likenesses including (a) wear of high spots 
~ and (b) pitting of the anodic oxide. Figure 19 is an SEM 
,,:·· 
,•.\ 
·-'1'.j 
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Figure 18. Abrasive wear and pitting of 
anodized aluminum surface (non-image area) of a 
Commercial Plate A subject to accelerated wear 
in the laboratory. SEM photograph at 3000X. 
Compare with Figure 10 • 
47 
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Figure 19. Edge of polymer dot on Commercial 
Plate A subjected to accelerated wear in 
laboratory test. SEM photograph at 1200X. 
Compare with Figure 15. 
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picture of the edge of a polymer dot from the same sample 
as in Figure 18. Figure 15, a similar sample exposed to 
overpacked wear, also shows rupture of the polymer. 
Abrasive wear of the edges of the polymer dot, a charac-
teristic found in ordinary press deterioration of a simi-
lar sample (see Figure 9), is observed here. 
Figures 20 and 21 demonstrate further similarities 
between press-worn plates and those worn in the accelera-
ted laboratory test. These figures are optical micro-
graphs at 200X; the top photograph being that of a Com-
mercial Plate A after 400,000 impressions on a commercial 
press, the history of which is otherwise unknown. The 
lower photograph is that of the same plate type after 1800 
cycles at a pressure of 13 g/cm. 2 in the accelerated test 
apparatus. Both photographs show abrasive rupture of the 
polymer at high spots and loss of polymer at the dot 
edges. Loss of image quality of the laboratory tested 
sample was noted at 1800 cycles by use of the proof test, 
and the two photographs represent the appearance of half-
tone dots after a plate has reached the end of its useful 
life. 
• 
Figure 20. Optical microscope view of halftone dots on a 
Commercial Plate A after 400,000 impressions on a co11'11lercial 
press. 
ft 
I 
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Figure 21. Optical microscope view of halftone dots on a Canmercial 
Plate A after 1800 cycles in the accelerated wear test. X200. Circle 
was drawn on plate after the experiment in order to identify a specific 
region on plate. 
\ . 
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Comparisons between Commercial Plates Band C under 
overpacked conditions and after wear in the accelerated 
test are shown in Figures 22, 23, 24, and 25. These SEM 
photographs demonstrate the abrasive flattening of the 
peaks of the grained anodic oxide surface and loss of 
polymer in both laboratory and press exposure tests. 
Applications of the Accelerated Wear Test 
The laboratory accelerated test apparatus has provi-
ded a means by which performance of commercial and experi-
mental plates could be compared. Determination of the 
point at which wear limits the usefulness of a plate is a 
problem not only in the laboratory but also in the press-
room. This end of usefulness is determined by loss in 
quality of the print, and a range of life can be dependent 
upon the discriminating ability of the operator of the 
press. It was decided that a printing proof test was the 
most suitable means for determining the endpoint in the 
accelerated wear test. The end of the useful life was 
considered to be the point at which dots in the center of 
the proof became very fuzzy or were absent. The standard 
test target described in the experimental section was used 
in testing the negative-working plates. A photographic 
image of an outdoor pavillion was used to develop the 
positive-working plates. This scene contained a variety 
of solid and intermediate tone areas. Exposed and devel-
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Figure 22. Edge of halftone dot (on left) on a Conunercial Plate 
B worn by overpacking. SEM photograph at 3000X. 
Figure 23. Edge of halftone dot (on left) on a Conunercial Plate 
B worn in the accelerated laboratory test. Compare with Figure 
22. SEM photograph at 3000X. 
I 
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Figure 24. Edge of halftone dot (on left) on a Commercial Plate 
C worn by overpacking. SEM photograph at 3000X. 
UI 
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Figure 25. Edge of halftone dot (on left) on a Couunercial 
Plate C worn in the accelerated laboratory test. Compare 
with Figure 24. SEM photograph at 3000X. 
oped plates of this type were tested and evaluated pri-
marily in the intermediate tone areas. 
Evaluation of performance for 9 different types of 
lithographic plates was accomplished in the accelerated 
tests. Data which represent the best estimate for several 
tests or in some cases, single tests are summarized in 
Table IV. These data represents loss of fidelity in the 
low-density (0 to 50%), halftone dot regions only. The 
longest test (2400 cycles} took less than 90 minutes to 
conduct. 
Similar experiments were conducted on the high-densi-
ty half-tone dot regions. Proof points of these areas of 
a plate are difficult due to scumming or filling-in of the 
non-image areas with ink. These data are probably less 
reliable and are found 1n Table V. It should be noted 
that relative rankings of the plates are similar for 
experiments on low-density and high-density regions of the 
plates. High-density test targets were unavailable for 
the positive working plates. 
Surface Roughness Correlations 
Changes in surface roughness were noted during press 
wear. It was decided to compare roughness changes for 
accelerated test samples with the data obtained from 
plates worn to exhaustion on the press. These data are 
summarized in Table VI. The first entry is for a Commer-
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TABLE IV 
Relative Wear Properties of Nine Types of Lithographic 
Plates in Low Dot Density Areas as Determined by the 
Accelerated Wear Test 
Number of Wear Cycles Before 
Image Area Was Seriously 
Affected, as Determined by 
Plate Designation Proof Test 
Experimental Plate #1 2400 (best perfozmance) 
Commercial Plate A 1800 
Commercial Plate B 1800 
Positive Plate H (baked) 1800 
Positive Plate F (baked) 1500 
Experimental Plate t3 1500 
Commercial Plate G 1400 
Positive Plate E (unbaked) 1200 
Positive Plate H (unbaked) 1100 
Experimental Plate #2 1000 
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TABLE V 
Relative Wear Properties of Five Types of Lithographic 
Plates in High Dot Density Areas as Determined by 
the Accelerated Wear Test 
Plate Designation 
Experimental Plate #1 
Commercial Plate A 
Commercial Plate B 
Commercial Plate C 
Experimental Plate #2 
Number of Wear Cycles Before Image 
Area Was Affected, as Determined by 
Proof Test 
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1500 (best perfomance) 
1300 
1200 
1000 
500 
- ,..,,.-___. - ...... ~ 
;'..·1· l 
l ) cial Plate A from a printer and the history of this plate 
' 
is unknown. The other entries represent lithographic 
plates that were run under overpacked conditions until 
unacceptable image quality was noted. Original roughness-
es of press-worn plates (column 1) were actually made on 
different plates than those run on the press, but good 
reproduction of these data has been noted for different 
plates of the same type. Column 2 gives the roughness of 
the plate after press deterioration and column 3 gives 
data for similar samples worn in the laboratory accelera-
ted test with an approximate pressure of 13 g/cm. 2. A few 
data on positive working plates were available. 
Several conclusions can be made fran the results 
summarized in Table VI. 
1. Commercial plates A are considerably rougher than 
other plates studied and changes in roughness 
during wear are therefore greater. 
2. Overpacked press-wear of the Commercial Plate A 
produces excessive changes in surface roughness 
of polymer image area when compared to ordinary 
press exposure. 
3. The endpoint in the accelerated wear test for the 
roughness in the image area was in the range of 
7 - 11 microinches for all six samples. 
4. The endpoint in the accelerated wear test for the 
roughness in the non-image area was in the range 
of 10.5 - 14 microinches for 4 samples and was 
considerably higher (24 microinches) for Commer-
cial Plate A. 
5. The accelerated wear test of Canmercial Plate A 
and the experimental plates yields canparable 
roughness endpoint data for the roughness of the 
non-image areas for both on the press and wear in 
60 
·-.:: -"• .... : .. ·.::,,;.- ~;::-"~·-_..: 
Plate Designation 
Commercial Plate A (worn on press) 
Commercial Plate A ~ ( overpacked) 
Exptl. Plate 1 (overpacked) 
Exptl. Plate 2 (overpacked) 
Commercial Plate C (overpacked 
Commercial Plate B (overpacked) 
* - Data supplied 
was used. 
TABLE VI 
Roughness Measurements on Lithographic Plates Subject to Wear on the Press and in the Accelerated Wear Test 
(1) 
Original Roughness 
(microinches) 
Non-Image Image 
Area Area 
48 22 
48 22 
}* 22 9 
20 18 
17 15 
( 2) 
Roughness After 
Wear on Press 
(microinches) 
Non-Image Image 
Area Area 
24 22 
48 6 
14.5 6 
17 13 
15 12 
(3) 
Roughness at End-Point 
in Accelerated Wear Test 
(micro inches) 
Non-Image Image 
Area Area· 
124 10 J 
12 7 
14 7 
13 11 
10.5 8 
for press-worn sample did not specify what experimental plate 
Positive Working Plates 
(1) (2) (3) Plate Orig:inal Roughness Roughness After Roughness at End-Point Designation Wear on Press in Accelerated Wear Test 
Non-Image Image Non-Image Image Non-Image Image Area Area Area Area Area Area 
unbaked 
E 20 3 16.5 4.5 12 
F 39 29 38 35 32 
CJ\ G 17 9 17 15 
"' 
H 15 11 13.5 11 11 10 
baked 
E 20 60 12.5 2.2 12 
F 39 32 39 33 32 
G 17 7 17 12.5 
H 15 14 14 12 10 8 
6. The accelerated wear test of commercial plates B 
and c yields canparable roughness end-point data 
for the roughness of the image area for both wear 
on the press and wear in the accelerated test. 
7. The high value of the roughness of Commercial 
Plate A after use under overpacked conditions is 
probably a consequence of the cracking of the 
anodized aluminum surface as shown, for example, 
in Figure 15. 
8. Some correlations exists between roughness data 
generated in the accelerated test and data 
obtained from the press. 
Surface gloss data (reflectance) as detected by a 
glossrneter at various angles were found to correlate with 
surf ace roughness measurements at 8 5 ° from the vertical. 
An inverse relationship was found between roughness and 
gloss or reflectance at only 85°, as shown in Figure 26. 
Other angles showed considerable scattering of the data. 
Surface contamination by residual films, such as ink, 
interfere with reflectance to a much greater extent than 
surface roughness. For these reasons gloss measurements 
were abandoned as a quantitative measure of lithographic 
plate wear. 
Rate of Wear 
The rates of wear on plates in the accelerated test 
apparatus were determined at different pressures by vary-
ing the weight of the block which supplies the abrasion in 
the apparatus. Plots of surface roughness vs. the number 
of cycles in the accelerated apparatus for a few plates 
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resulted and are found in Figures 27, 28 and 29. Since 
the range in values for surface roughness in a 20 percent 
halftone dot area was not great, it was decided to use 
this area for measurements of surface roughness. This 
roughness measurement shows combined effects on polymer 
dots and non-image area caused by wear. Data were genera-
ted to a point beyond the normal end-point of lost image 
quality. The plots show a decrease in surface roughness 
during wear. Since periodic surface roughness measure-
ments of plates on the press are unavailable, comparisons 
were not made with rate-of-wear data in the accelerated 
wear test. 
The surface roughness at the end of usefulness of 
these plates as determined by the proof test were noted. 
The number of cycles to accomplish this end-point rough-
ness can be found at different pressures from the above 
plots. Figure 30 shows the effect of pressure on the end-
point. The unusual shape of the Commercial Plate B curve 
may be due to fracture of larger particles of anodic oxide 
film fran the plate which may prevent polishing of the 
surface. 
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RECOMMENDATION FOR- FU'l'ORE WORK 
The rate of wear of the plates studied in the acc
e-
lerated test is related to the initial surface ro
ughness, 
especially at high pressures. Commercial Plate B
, which 
had the lowest initial surface roughness of the p
lates 
studied, shows little difference in the rate of w
ear over 
a range of high pressures. The curves correspon
ding to 
three high pressures on Figure 27 lie close toge
ther. 
The other plates show greater differences in rate
 of wear 
at the same three high pressures. Further exper
iments 
should be conducted in order to understand the pr
essure 
effects on the rate of wear as a function of ini
tial sur-
face roughness. 
It has been observed by transmission electron mic
ro-
scopy that fragmentation of aluminum oxide occurs
 during 
press wear. The fragmentation occurs primarily 
at the 
inner edge of the pits formed in the anodic film. 
Experi-
ments should be conducted to understand the natur
e of this 
fragmentation. The wear of the polymer should be
 studied 
in order to determine how the polymer fragments f
rom the 
substrate. Diffraction studies of the aluminum o
xide film 
should be carried out to determine if fragmentati
on is 
t{ 
:/ related to local crystallization of the oxide
. This 
," 
. ., .... , 
~1~~ 
,:i~ resistance to wear as related to the amorphou
s or crystal-
-·-·-~--, ~·-
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line nature of the oxide may be a frui
tful field of study. 
The role of corrosion of the oxide film
 or of the 
aluminum beneath the film should be stu
died in relation 
to wear. The effect of corrosion of a
luminum oxides of 
amorphous and various crystalline type
s would further aid 
in the understanding of corrosive wear.
 
Efforts should be made to understand th
e wear and 
fragmentation process at its earliest 
stages in order 
better to understand the mechanism of 
wear. Additional 
scanning electron microscopy and transm
ission electron 
microscopy should be carried out with 
the aim of detecting 
holes or cracks in the film when they 
first develop. 
Measurements of the electrical proper
ties of the polymer 
and of the anodic oxide as a function 
of wear might aid in 
making quantitative assessments of the
 rate of wear. 
Studies should be made of the relations
hip between 
rate of wear of the anodic oxide and it
s method of prepa-
ration and sealing. The relationships
 between pore size, 
pore closure during sealing, and intern
al pore chemistry 
and rate of wear might aid in the deve
lopment of improved 
commercial materials. 
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